surgical patients and to the higher surgical stress of some vascular procedures. Aggressive medical and surgical treatments during the past 2 decades contributed to the reduction in morbidity and mortality rates in these patients. Significant perioperative cardioprotective effects can be achieved by improving myocardial blood supply by performing percutaneous transluminal angioplasty (PTCA) near the time of surgery.' Coronary artery bypass graft (CABG) surgery also reduces the perioperative cardiac morbidity rate, because patients who undergo this procedure experience fewer complications after subsequent vascular operations. ' Since 1978, the cardiology workup and medical clearance for vascular surgery at The Cleveland Clinic Foundation have been very aggressive, and early trends to perform coronary angiography in patients being considered for elective aortic reconstruction' eventually were replaced with newer and less invasive tests. Currently, dobutamine stress echocardiography is the most frequently performed cardiac screening test at our institution, especially before elective aortic reconstruction or elective infrainguinal revascularization. Dobutamine stress echocardiography is less expensive than other tests and has good positive (33%) and high negative (100%) predictive values for perioperative cardiac complication~."'~ Additional cardiac risk assessment and preoperative improvement of cardiac performance (medical and surgical) usually are tailored according to the fmdings of the initial test, the individual patient's functional capacity, and the level of surgery-specific risk."
The objective of the current study was to evaluate predictors for perioperative PMI and PMI-related cardiac deaths in a highly specialized referral center for patients with cardiovascular disease. We identified all patients who had myocardial infarction (MI) after major vascular surgery during the same hospital stay, as diagnosed by clinical symptoms or changes in the electrocardiogram (ECG) or serum enzyme levels, and we analyzed associations among the patient, anesthetic, and surgical risk factors for PMI by comparing data with patients who underwent the same surgical procedures but who did not experience PMI.
Materials and Methods

Vascular Surgery Registry
The Cleveland Clinic Vascular Surgery Registry is a comprehensive, prospectively recorded database describing clinical and surgical characteristics of all patients undergoing vascular surgery at the institution since 1989. We reviewed the database of surgeries performed from January 1989 through June 1997 and identified patients who had PMI during the same hospital stay. We also identified all patients who died during the same hospital stay after vascular surgery and reviewed their records for possible MI. This information was verified against the Cleveland Clinic Medical Records database for the same time period using the International Classification of Diseases codes for MI (410 -410.9), heart failure (428.1-428.9), cardiogenic shock (785.51), and cardiac complications during or resulting from any surgical procedure (complications include cardiac arrest, cardiac insufficiency, and heart failure [997.1]).
Inclusion and Exclusion Criteria
We included all patients who underwent abdominal or thoracic aortic reconstructive surgery, carotid endarterectomy, or peripheral vascular surgery inclusive of lower extremity amputations (for details see the ANFSTHESIOLOGY Web site at www.anesthesio1ogy.org). Only operations performed during general or neuraxial anesthesia were included (6,948 operations). We excluded all patients who underwent minor vascular procedures (e.g., creation of arteriovenous fistula, arterial thrombectomy) performed during monitored anesthesia care or upper extremity regional blocks, patients in whom MI was developing at admission and who required emergency vascular surgery during the same hospital stay, patients with vascular complications after PTCA (i,e., brachial or inguinal hematoma or emergency thrombectomy), and patients who underwent combined CABG-carotid endarterectomy surgery.
Preoperative, Demographic, and Clinical Variables
In addition to gender, age, duration of hospital stay, and time of MI and death, we collected information regarding preoperative cardiac history and comorbid conditions: treated diabetes mellitus, previous stroke, preoperative angina (stable or unstable), preoperative definite presence of CAD (as identified by history of at least one of the following: MI, CABG, PTCA, angina, or positive electrocardiographic changes consistent with myocardial ischemia), presence of significant valvular disease, preoperative invasive treatments (CABG or PTCA), and medical treatments (aspirin, P-blockers, angiotensin-converting enzyme [ACE] inhibitors, calcium antagonists). Only the preoperative medications the patient was taking until the day of surgery were considered for review. History of hypertension was included as a risk factor if a diagnosis was present in the medical records, even if the preoperative blood pressure was normal. In addition, hypertension was graded as controlled or uncontrolled: Uncontrolled hypertension existed if at least one immediate preoperative systolic blood pressure measurement exceeded 180 mmHg or if diastolic blood pressure exceeded 110 mmHg (these values represent stage I11 hypertension based on classification by The Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure'*). The preoperative values were taken from the preoperative evaluation form, preinduction anesthesia records, and preoperative cardiac catheterization report (intraventricular pressures). Valvular abnormalities were assessed from the preoperative transthoracic echocardiogram; only patients with significant mitral or aortic valvular dysfunction were included. Left-ventricular function was assessed from echocardiography reports or coronary angiography. All patients had left ventricular function reports within 2 months before surgery. For the purpose of analysis, we used four standard left ventricular function grading categories: ejection fraction 60% or more (normal function), 59 -40% (mild dysfunction), 39-20% (moderate dysfunction), and 19% or less (severe dysfunction). At least one form of preoperative cardiac assessment was performed in 97 patients in the PMI group and in 100 patients in control group (exercise stress testing, pharmacologic stress testing, resting leftventricular function, or coronary angiography). Preoperative 12-lead electrocardiography was categorized as presence or absence of changes consistent with myocardial disease or ischemia (left bundle branch block, STsegment and T-wave changes, or pathologic Q waves). Preoperative dysrhythmia (e.g., atrial fibrillation, ventricular or atrial ectopy) and intraoperative ST-segment and T-wave changes were analyzed together as a separate category. Laboratory data included preoperative hematocrit and creatinine concentrations, postoperative hematocrit concentration, and the highest creatine-phosphokinase (CPK) and CPK-MB (myocardial band) isoenzyme values. We analyzed the intraoperative fluid use (estimated blood loss, crystalloids, colloids, and units of blood used), as recorded in anesthesia records. The amount of cell-salvaged blood collected and reinfused intraoperatively was recalculated as blood units by equating 350 ml salvaged blood to one blood unit. The amount of cell-salvaged blood (as an indicator of excessive bleeding) was analyzed as a separate risk factor for PMI and cardiac death. This analysis was performed only for 37 patients who underwent aortic reconstructive surgery because cell salvaging was used only in these patients. Fresh frozen plasma, platelets, albumin, and hydroxyethyl starch use were combined in a single category (i.e., colloid administration) and, for the purpose of analysis, combined with crystalloid use. Intraoperative hernodynamic variables also were recorded: lowest and highest systolic and diastolic blood pressures, highest heart rate, and duration of these hemodynamic end points (these parameters were obtained from the handwritten anesthesia record; recording interval was 5 min).
Intraoperative hemodynamic variables and their potential effects on PMI were analyzed only for MIS that occurred during postoperative days 0 and 1 (n = 80).
The rationale for this last analysis was to establish whether PMI that occurred during or shortly after surgery could be associated with extremes of intraoperative hemodynamics. By the same token, if the PMI occurred beyond the first 48 h after surgery, causes other than unfavorable intraoperative hemodynamics must be suspected (such as pain-induced catecholamine release or fluid shifts). Duration and urgency of surgery also were recorded.
Intraoperative Monitoring
All patients underwent standard intraoperative monitoring, which consisted of five-lead electrocardiography with ST-segment trend analysis (leads I1 and V,), pulse oximetry, and noninvasive and invasive blood pressure measurements. A pulmonary artery catheter was used, depending on the type of surgical procedure: In the aortic surgery group, only one patient in the index group and five patients in the control group were not monitored with use of pulmonary artery catheters.
Criteria for Diagnosis of Myocardial Infarction
The confirmation of MI was based on the presence of at least one of the following criteria: an elevated total CPK concentration and a ratio of CPK-MB isoenzyme to total CPK of 5% or greater; electrocardiography changes consistent with MI (new Q waves or ST-segment changes); and postoperative physician notes indicating a diagnosis of MI. Intraoperative records and postoperative notes were reviewed by two staff anesthesiologists, an anesthesia resident, student nurse anesthetists, and senior medical students, all supervised by staff anesthesiologists.
tients, cardiac enzyme testing is performed during certain perioperative circumstances (new ECG changes, intraoperative hypotension or tachycardia, or other signs or symptoms that may indicate that the patient experienced an adverse cardiac event). One hundred patients in the PMI group had enzymatic confirmation of MI. In the remaining seven patients the diagnosis of MI was established without enzymatic confirmation and was based on electrocardiographic changes consistent with MI (in all seven) and autopsy confirmation (in five of seven). Sixty-five patients in the control group underwent postoperative cardiac enzyme measurements, and all analyses were negative for MI. All our patients underwent preoperative and postoperative electrocardiography. Furthermore, no patient in the control group showed electrocardiographic or clinical evidence of MI (absence of such a note in the medical record). Several patients were excluded from the index group because of sustained cardiac arrest (sudden intraoperative dysrhythmia) that might have been caused by MI; however, the ECG showed no evidence that PMI was the cause of death.
Analysis of Myocardial Infarction Timing and Mortality Rate after Perioperatiue Myocardial Infarction
Cardiac death was defined as death as a result of dysrhythmia, congestive heart failure (CHF), cardiogenic shock, or multisystem organ failure that occurred after MI. The timing of MI or cardiac death in relation to surgery was considered to be postoperative day 0 if it occurred 0-24 h after surgery, postoperative day 1 if it occurred between 25 and 48 h after surgery, postoperative day 2 if it occurred 49-72 h after surgery, and so forth. After MI occurred, we also noted the use of either vasopressor or intraaortic balloon pump support to maintain hemodynamic stability. We also analyzed the predictive value of cardiopulmonary resuscitation as an indicator of adverse outcome; only cardiopulmonary resuscitation performed shortly after PMI was considered.
IdentiJication of Case-Control Patients
To identlfy the risk factors for PMI, we compared patients in whom MI developed (index group) with patients in whom MI did not occur (control group). The control group was selected from the Vascular Surgery Registry by random 1 X : X 1 computer matching to the index group according to age (within 5 yr), gender, type of surgery, and year of surgery.
Statistical A nu Zysis
Two primary analyses were conducted: identification of risk factors for PMI (case-control patients us. PMI patients) and analysis of predictors of mortality (patients who died us. those who survived MI).
univariable Analyses. For categorical variables, potential univariable predictors of MI were identified using the McNemar test. Potential univariable predictors of cardiac death among PMI patients were identified using chi-square analysis, the Fisher exact test, or the MantelHaenszel chi-square test (for ordinal data) as appropriate.
All categorical variables were summarized as counts and percentages. Results for categorical variables were summarized by the P value, odds ratio (OR), and 95% confidence interval (CI) for the OR. Such values were calculated using exact methods if appropriate. For continuous variables, univariable logistic regression models were developed to assess the association between each potential predictor and perioperative death. To assess the association of these predictors with MI, conditional logistic regression modeling for case-control matching was used. Continuous variables were summarized by the mean and standard deviation or by the median and interquartile range. A significance level of P < 0.05 was used for all analyses.
Multivariable Analyses. The associations between combinations of explanatory variables and the odds of perioperative death were analyzed with use of multiple logistic regression. Forward stepwise model selection was used to find a set of predictors that could be used simultaneously to predict death. A significance level of 0.05 was used as the inclusion criterion in the stepwise procedure. For PMI, the same analysis was used, but with conditional multiple logistic regression, adjusting for the case-control pairing.
All analyses were performed using either SAS software (version 6.12; SAS Institute, Cary, NC) or S-PLUS software (version 3.4; MathSoft, Seattle, WA).
Results
We identified 107 patients with PMI during their same hospital stays after vascular surgery; 22 died (20.6%). In the control group, four patients (3.7%) died, all from noncardiac causes (for details see the ANESTHESIOLOGY Web site at www.anesthesio1ogy.org). The risk of death after PMI was 10 (95% CI: 3.1-32. 4 
org).
The median duration of hospital stay was 13 days (interquartile range: 8-17) for survivors of PMI and 8 days (interquartile range: 5-10) for control patients who survived. The median period between surgery and cardiac death was 3 days (interquartile range: 1 to 24).
Demographic, clinical, surgical, anesthetic, and laboratory characteristics of PMI and control patients are summarized in tables 1-7 (univariable analysis). Table 8 summarizes risk factors for PMI and cardiac death (multivariable analysis).
Risk Factors for Myocardial Infarction
The following factors were associated significantly (P < 0.05 for all) with a greater risk of PMI: valvular disease, previous CHF, emergency surgery, general anesthesia, preoperative diagnosis of CAD, lower preoperative and postoperative hemoglobin concentrations, and increased intraoperative bleeding as judged by the amount of cell-salvaged blood (tables 1-3). The risk of PMI increased with decrease in preoperative ejection fraction: For each decrease in ejection fraction for one category (see Materials and Methods), the risk of PMI increased by 39% (OR = 0.61, 95% CI: 0.40-0.91; P = *This analysis is performed only for patients who underwent aortic reconstructive surgery (n = 37).
5 Includes allogeneic and cell-salvaged blood (data for the entire group, n = 107).
11 Only MI identified within the first 48 postoperative h versus respective controls were used for these analyses. CI = confidence interval: SBP = systolic blood pressure; DBP = diastolic blood pressure; MI = myocardial infarction.
0.02). Hypertension, even uncontrolled, and previous MI were not predictors for PMI. Invasive hemodynamic monitoring did not reduce the risk of PMI (table 2) . Surprisingly, patients receiving @blockers were more likely to experience PMI (P = 0.003).
Age and Gender as Predictors of &.?-hospital Death after Perioperative Myocardial Infarction
Of the 107 patients with PMI (mean age 68.9 t 8.8 yr), 73 were men (mean age 68.9 2 8.6 yr) and 34 were women (mean age 68.8 t 9.2 yr). Age was a significant 8 If CHF was present at surgery, the odds ratio for death was 12.0 (P = 0.008), and if the patient had history of CHF more than 12 months before index surgery, the odds ratio for mortality was 1.4 (P = 0.70). PMI = perioperative myocardial infarction; CI = confidence interval; ECG = electrocardiogram; CAD = coronary artery disease; CHF = congestive heart failure.
Anesthesiology, V who died and those who survived was wider for women than for men (12.9 us. 4.6 yr, respectively; P = 0.07), giving some evidence of a possible interaction between age and gender in association with death after PMI.
Preoperative Coexistent Disease and Medical and Surgical Treatments as Predictors of In-hospital Death after Perioperative Myocardial Infarction
The following conditions did not increase the risk of death after PMI: diabetes mellitus, stroke, valvular heart disease, history of dysrhythmia, known preoperative CAD, ECG changes consistent with myocardial ischemia, and previous MI (table 4). Hypertension, even if uncontrolled, did not increase the cardiac mortality rate (P = 0.78). The cardiac mortality rate did not increase for patients with a history of MI more than 12 months before the index surgery (n = 42; P = 0.54); at the same time none of the seven patients who experienced an MI less than 1 yr before index surgery died (three had CABG after the first MI and before index vascular surgery). *This analysis is performed only for patients who underwent aortic reconstructive surgery (n = 37).
// Only MI identified within the first 48 postoperative h versus respective controls were used for these analyses. CI = confidence interval; SBP = systolic blood pressure: DBP = diastolic blood pressure; MI = myocardial infarction.
Previous CABG significantly lowered the risk of death after PMI (27.9 us. 7.7%; P = 0.01; table 5). Although previous PTCA did not significantly protect against death (P = 0.45), only 1 of 12 patients with PTCA died, and the OR for cardiac death was low for patients who had PTCA (0.32). Previous CHF increased the risk of death after MI almost 3.5-fold (P = 0.01; see footnote in table 4). Decrease in ejection fraction was not a significant risk hospital death after PMI, even though death tended to occur less frequently among patients who were receiving P-blocker or ACE inhibitor therapy (13 us. 12%, respectively) than among those not receiving these therapies (25 us. 2396, respectively). In contrast, death tended to occur more often in patients receiving calcium antagonists than in those not receiving calcium antagonists (27.5 us. 14.3%, respectively, P = 0.09).
(P = 0.81).
Surgical and Anesthetic Features us Predictors of
In-hospital Cardiac Death
Patients who underwent peripheral vascular or aortic reconstructive surgery were at a greater risk of death than those who underwent carotid endarterectomy (P = 0.04; table 6 ) . The risk for cardiac death after aortic surgery was almost sixfold higher than for carotid endarterectomy. The likelihood of cardiac death was not associated with the type of anesthesia (general us. re- risk of death after emergency surgery were 4.9 times higher than after elective surgery (P = 0.02). Mortality rate was not associated with intraoperative tachycardia, systolic hypotension, or hypertension (table 7) . Lower mean intraoperative diastolic pressure (P = 0.001) and increased intraoperative administration of blood (P = 0.005), however, were associated with greater mortality rates. Although in absolute terms both the estimated blood loss and the amount of cell-salvaged blood (and therefore the rate of bleeding) appeared to be higher in patients who died, these differences were not statistically significant compared with survivors (table 7) .
Laboratory Features and Time of Perioperative
Myocardial Infarction as Predictors of Cardiac Death
Preoperative and postoperative hemoglobin concentrations (P = 0.81), preoperative creatinine concentrations (P = 0.12), and the magnitudes of CPK (P = 0.61) and CPK-MB (P = 0.26) increases were not associated with greater risk of cardiac death. PMI occurred most frequently on postoperative day 1 (51.4%) and postoperative day 0 (23.4%). The mortality rate, however, was highest on postoperative day 0 (360/,), a significantly higher rate than for those who had MI on postoperative day 2 or later ( fig. 1 ; P = 0.03).
Predictors of Cardiac Death Based on Post-Myocardial Infarction Course
The clinical course after MI was a sislllfcant predictor of mortality. Patients who were immediately unstable and required vasoactive support were 13 times more likely to die than those who were hemodynamically stable after MI (P = 0.001). Death was 6.6 times more likely in patients who required intraaortic balloon pump support immediately after MI compared with those who did not need it (P = 0.06). Not surprisingly, the need for cardiopulmonary resuscitation during or shortly after MI predicted an approximately %-fold greater risk of death (P = 0.001). Table 8 summarizes the final model from stepwise multiple logistic regression, which identified a preoperative diagnosis of CAD (P = 0.001) and significant aortic or mitral valvular disease (P = 0.03) as predictors of PMI.
Predictors of Perioperatiue Myocardial Infarction and In-hospital Cardiac Death Based on Multivariable Analysis
In the final regression model, CHF less than 1 yr before the index vascular surgery (P = 0.0002) and increased intraoperative administration of blood (P = 0.007) were both associated with cardiac death. After controlling for the presence of CHF and CABG, we estimated that for every unit of blood administered (within a range of 0 to 21 units), the risk of death increased by 24% (P = 0.007). Finally, figure 2 shows the probability of death in patients who did or did not have histories of CABG, CHF, or both. After controlling for CHF and number of blood units administered (held constant at 1.8 per patient), we found that a history of CABG reduced the risk of cardiac death in all patients (P = 0.04).
Discussion
The incidence of CAD is substantially higher in patients requiring vascular surgery than in the general surgical population. Hertzer et al. 5 found that only 8% of those undergoing elective vascular surgery had normal coronary arteries; therefore, it is not surprising that this group of surgical patients represents those at highest risk for PMI. It is also not surprising that other cardiovascular risk factors (e.g., hypertension, diabetes mellitus) were not risk factors for PMI in our patient cohort, because these comorbid conditions are widely present in the entire patient population undergoing vascular surgery.
Reported perioperative reinfarction rates today are lower compared with early reports, probably because of better perioperative treatments, including CABG or PTCA. PMI today is identified more frequently in areas with good collateral blood flow that, although preoperatively assessed as sufficient, may be functionally inadequate during surgical tress.^ We found that previous MI was not a significant risk factor for reinfarction or cardiac death; of control patients, 38.3% had previous MI and underwent vascular surgery without reinfarction. Of patients with PMI, 45.8% had previous MI; 6.5% (7 of 107, none of whom died) had MI within 12 months of the index surgery. Patients who have had recent successful PTCA6.'* or CAE3GI5 have lower rates of MI and death after major surgery. Our study did not find that CABG protected against reinfarction. The mortality rate after PMI, however, was 7.7% in patients with previous CABG, compared with 27.9% in patients without prior CAl3G. The majority of our PMI patients with CABG (34 of 39) underwent CABG more than 1 yr before the index vascular surgery, and these patients had a 79% reduction in mortality rate compared with patients with PMI but no CABG; therefore, CABG protection against fatal cardiac complications appears to extend beyond 12 months. In the current study, prior PTCA was not cardioprotective in terms of reinfarction rate. reported a 17% post-PMI mortality rate after noncardiac surgery. The overall in-hospital mortality rate after PMI in our study was 20.6%. PMI was an early postoperative event, with the highest mortality rate on postoperative day 0 (36%). The mortality rate also was higher if the ST-segment and T-wave changes occurred intraoperatively. This suggests that some anesthesia or surgery factors may be responsible not only for PMI but also for cardiac death. In patients with CAD, the myocardial oxygen supply-demand relation may be affected grossly by how the anesthesiologist controls preload, afterload, contractility, and heart rate.
Although patients who had general anesthesia had a 3.3-fold increase in the risk of PMI, the duration of surgery and invasive monitoring of intraoperative hemodynamics did not affect the risk of MI or cardiac death after PMI. Lower diastolic blood pressure (43 mmHg) in PMI patients was the only hemodynamic variable associated with increased risk of cardiac death.
Diehl et al. l8 determined that increased perioperative blood loss and transfusion during vascular surgery were associated with the incidence of postoperative complications and death. In our study, the patients who suf- surgery (and therefor, the rate of bleeding) was significantly higher in patients who experienced PMI than in the control group. Furthermore, the patients who died received more blood than survivors. For perioperative blood loss that required transfusion of one blood unit in our patients with PMI, the risk of cardiac death increased by 24%. All these findings indicate that perioperative bleeding may play an important role in pathogenesis of PMI and cardiac death.
The risk of cardiac complications for patients undergoing noncardiac" or peripheral vascular2' surgery sharply increases after the age of 70 yr. We found that the patients who died were almost 7 yr older than survivors, and that the women who died were an average of 7.3 yr older than the men who died.
Perioperative use of P-blockers reduces the incidence of PMI, the frequency of postoperative ischemia, and the risk of death at 2 yr after the operation, but not of cardiac death during the same hospital
In our study, patients who were receiving P-blockers were more likely to experience PMI; post hoc analyses showed that the intraoperative extremes of heart rates did not differ between patients on P-blocker therapy and those not receiving therapy. These findings suggest inadequate effects of P-blockade. In addition, P-blocker therapy might have been an indicator of more severe CAD and therefore a higher risk for PMI. Patients using P-blockers, however, tended to have lower in-hospital cardiac mortality rates. Slogoff and KeatsZ3 demonstrated that patients with CAD and using @blockers experience myocardial ischemia intraoperatively, despite better heart rate control. Preoperative therapy with calcium antagonists has not been shown to reduce the incidence of perioperative ischemia23 and even may increase the risk of major adverse cardiac events and death.24 Our results show a trend of increased cardiac risk in patients on calcium antagonists. At the same time, ACE inhibitor therapy showed a trend toward reducing the cardiac morbidity and in-hospital mortality rates.
Left ventricular hypertrophy and ST-segment depression seen on the preoperative ECG are important markers of increased risk for MI or cardiac death after major vascular surgery. 25 We found no increased risk of PMI in patients with preexisting electrocardiographic changes consistent with myocardial ischemia. We also have found that preoperative change in an ECG or even a combination of changes consistent with CAD did not increase the risk of death after PMI. New intraoperative ST-segment or T-wave changes, however, were associated with a greater risk of perioperative cardiac death.
Mangano et aLZ6 demonstrated that current CHF is a risk factor for perioperative cardiac morbidity. We confirmed that history of CHF was associated with higher risk of MI. CHF less than 1 yr before the index surgery increased the cardiac mortality risk, and if CHF was present at surgery the OR of death was 12 times that of patients without CHF. CHF that occurred more than 1 yr before surgery was not associated with an increased cardiac mortality rate. Although a lower ejection fraction was associated with increased risk of PMI, it was not associated with increased risk of cardiac death. Halm et aL2' found that myocardial contractility assessed by echocardiography has limited prognostic value for assessment of cardiac risks; however, they assessed the outcomes based on small number of MI and cardiac fatalities.
The overall incidence of PMI and cardiac death increases with the urgency of vascular surgery. l S 2 We confirmed that emergency surgery increased the risk for PMI and death. In the current study the risks of death during peripheral vascular surgery and aortic reconstruction were similar, and much higher than after carotid endarterectomy. Krupski et al.28 demonstrated that the risk for postoperative cardiac ischemic events in lower extremity vascular operations is at least as great as for aortic operations. This may be explained by the finding that the peripheral vascular surgery is performed more often on an urgent basis in patients who otherwise face amputation, and therefore the cardiac evaluation and preoperative medical or surgical therapies of CAD may be less complete.
Our study has several limitations. The design is retrospective case-control; therefore, we could show only whether risk factors were associated with cardiac injury and death rather than establish a cause-effect relation. Hemodynamic variables were assessed from the handwritten anesthesia records, which may not reflect the extent and duration of hemodynamic variations accurately. The perioperative surveillance of MI was not done prospectively, was not performed on all patients, and was not always performed in a systematic manner. Therefore, the low incidence of PMI in this study may be an underestimate of the true infarction rate; it is possible that some patients with PMI were asymptomatic and therefore were not tested. We are confident, however, that we captured all patients who had clinically significant PMI. If there were patients with undiagnosed PMI, our reported cardiac mortality rate may be somewhat overestimated. We believe, however, that our reported incidence of overall perioperative cardiac mortality rate is accurate, because death is an unmistakable outcome.
In conclusion, the in-hospital cardiac mortality rate is 
